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0 Domestic meter. 

0 A meter for remote reading of a utility such as 
gas. water or electricity comprises a measurement 
sensor (30). a radio receiver (31) arKi a radio trans- 
mitter (32), for transmitting measurement information 
generated by tt>e sensor. The radio receiver and 
transmitter cooperate to pass on information from 
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other meters. 

Flow control means can be connected to the 
receiver to enable remote control. Ck)mmunication 
fctetween each meter and a hub (5) is carried out by 
hopping along chains of meters in r>etghtx)uring 
premises. 
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The present invention relates to a communica- 
tion system comprising a chain of meters, and a 
meter for use in such a system. 

Reading of utility meters provided in domestic 
and industrial premises has traditionally been un- 
dertaken manually. In the electricity and gas in- 
dustry, readings are taken once per quarter, though 
in an effort to reduce the manpower required, there 
is currerrtly a move towards customer-read, or es- 
timated readings, with readings by the utility taking 
place only once per year. 

Automated meter reading woukj reduce the 
manpower cost, but coukJ involve a large capital 
outlay, both in tfie provision of r)ew meters, and in 
the communk:ation links required. Partk:ulariy in 
the case of domestk: metering, the outlay could be 
large relative to the amounts billed from each cus- 
tomer. 

In considering the communicatkxi costs, to 
avoW expensive cabling schen^. it is knomx to 
use radio communications. However, there are a 
number of disadvantages with radk) communtea- 
tions. including the limited range whrch is possible 
using the available bands, the cost of the targe 
number of repeater stations that woukj be required, 
arxi the lack of reliability of communication at ex- 
treme range due to interference from otfier radios, 
due to the weather, and due to the local topog- 
raphy. 

The present inventkwi seeks to provide a rem- 
edy. 

According to the inverrtton, there is provided a 
communication system comprising a chain of me- 
ters, each meter communicating with others in the 
cfiain to pass informatk)n ak)ng tfie chain, for re- 
mote reading of a utility such as gas. liquid or 
electricity, supplied, produced or used at a given 
location, and comprising: 

a measurement means for the utility supplied, 
produced or used, 

a radio receiver, and 

a radio transmitter for transmitting measure- 
ment information 

generated by the measurement means, and ar- 
ranged to operate with the radio receiver to pass 
along the chain information received by the re- 
ceiver. 

Advantageously, ttiere is provided a hub con- 
necting a plurality of chains of meters in a star 
formation or a loop formatk)n. 

Advantageously, there is provided a data gath- 
erer, connecting a plurality of hubs in a star forma- 
tion or a loop formation. 

Advantageously, two or more communication 
paths are defined along one chain or part of a 
chain, each path t)eing created by bypassing the 
meters used by the other path or paths. 



Advantageously, said multiple communication 
paths are provided in the vicinity of junctions be- 
tween chains, or in the vkanity of a hub. 

Advantageously, each meter determines part of 
5 the route of the communk:ation path, by bypassing 
neighbouring meters. 

Advantageously, the hub determines part of the 
route of the communk^tion path. 

Advantageously, tfte system comprises: a plu- 
70 rality of hubs, each connected to a plurality of 
meters, wherein upon failure of a hub, neighbouring 
hut>s are reconfigured to communicate with meters 
normally communicating with the failed hub. 

Advantageously, each hub contains a map of 
15 meters normally communfcating with it arxJ a map 
of meters normally communicating with neighbour- 
ing hut>s. 

Advantageously, the hut>s are in communica- 
tion with a networit management system, which 
20 instructs the neighbouring hubs to reconfigure, in 
response to an indication that ttie failed hub has 
failed. 

The invention provides a meter for use in the 
atx>ve communication system. 
25 Advantageously, tiie meter is arranged to re- 
ceive arxj store measurement information from a 
r)eightx)urirtg meter and pass this information on 
when failure of the neightXHiring meter is detected. 
Advantageously, meter comprises: means for 
30 storing and updating a tariff of cfiarges, and jxo- 
cessirtg means for cak:ulating a total charge from a 
plurality of readings charged at different rates. 

Advantageously, the meter is for renvote read- 
ing of gas or lk}uid utilities in domestic premises, 
35 and comprises: nr>eans for n>onitDring the gas or 
liquid pressure, means for storing a reference pres- 
sure level, and means for indicating wfwn fhe mon- 
itored pressure is over or under the reference level. 
Advantageously, the meters are for use in do- 
40 mestic premises, and form part of a utility supply 
system, wherein each meter comprises: means for 
monitoring a parameter of quaJity of the utility 
supplied. arxJ the supply system comprises means 
for controlling the supply of the utility from a cen- 
46 tra! source to the domestic premises in response to 
quality information transmitted by the meter. 

Advantageously, the meter is for Ik^ukJ or gas 
metering, and comprises: pressure control means 
for allowing the gas or liquid to be supplied at a 
50 reduced pressure, according to commands re- 
ceived by the receiver. 

For a better understanding of the invention, and 
how the same may be put into effect, reference will 
now be made by way of example to the following 
55 drawings, in which: 

Figure 1 shows a schematic view of a low power 
radio domestic metering arrangement according 
to the present invention, showing the different 
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layers of communication; 
Rgure 2 shows another schematic view of a low 
power radio domestic metering arrangement ac- 
cording to the present invention; 
Figure 3 shows another schematic view of a low 
power radio domestic metering arrangement ac- 
cording to the present invention; 
Rgure 4 shows a schematic view of a low power 
radio domestic metering arrangement according 
to the present invention, and showing three al- 
ternative communication methods t)etween hubs 
arKi domestic meters; 

Rgure 5 shows a plan view of a typical housing 
area showing tfie location of domestic meters 
along streets, in three separate cells, each hav- 
ing a hub; 

Rgure 6 shows a schematic view of a plurality 
of hubs arranged in a cell structure; 
Rgure 7 is arKither schematic view of ttte ar- 
rangement of cells of Rgure 6 sfK>wing how 
neighbouring cells expand to collect meter read- 
ings from a failed cell; 

Rgure 8 straws the communication path from a 
single meter to netghtx)urir)g meters in tfie same 
street 

Rgure 9 shows the outward journey of a mes- 
sage from a hub to a remote meter minimising 
ftte numt)er of hops; 

Rgure 10 shows a typical return communication 
path hopping via every meter, collecting meter 
readings; 

Rgure 11 shows a map of meters and routes 

along streets for a single hub; and 

Rgure 12 shows a meter in diagrammatic form. 
Rgure 1 shows the application of this invention 
to autonutted reading of domestic water supply 
meters. Communication is required from each 
premises, or house. 1 in which the water is con- 
sumed, to a data gatherer station 2 wfiere meter 
reading information is collected for storage in a 
network management system (DomMan). The mar>- 
agement system has overall control of the rtetwork 
arwd tiie configuration off the network. The data 
gatherer 2 temporarily stores meter reading in- 
formation before it is read out by the management 
system 7. From there it can be sent to a tilling 
computer 8. The figure illustrates tfte connection to 
the tMlling system computer, via a LAN. e.g. an 
etf>emet link, and to a network management sys- 
tem (DomMan). Communication with meters may 
be carried out via outstations 3 which may conve- 
niently be sited at sewage pumpNng stations. sirK:e 
these are already owned by the utilities, and have 
suitable power supply facilities. In some cases 
these sites already have communication links with 
the data gatherer station 2. Typically, a plurality of 
outstations are provided, each connected to the 
data gatherer by scanning radio, or by PSTN (pub- 



lic switched telephone network) or a combination of 
these or other metfiods. 

Typically, communication t)etween outstations 
and domestic meters takes place via intelligent 
5 hut>s 5. The data gatfierer 2 manages the commu- 
nications between the network manager and these 
hut)s. These hubs may store a map of the meters 
they serve. Low power radio using the 458 MHz 
t>and may be used to link the hubs to tfie out- 
10 stations. Attematively. where appropriate, a hub 
may be k>cated at an outstation and physically 
wired to it. Communication could be made directly 
between hubs and the data gatherer by radio or 
PSTN. Lower power 184 MHz radio may be used 
IS between meters arKl hut)S, and to communicate 
between meters. Other bands may be used de- 
pending on alkx:ation by the regulatory authorities. 

The range of transmission from radk> transmit- 
ters in each meter, or each kxation, is relatively 
20 small for a variety of reasons. Accordingly, the 
invention involves usirtg a transmission "hopping* 
scheme, in which each meter passes on messages 
arKJ data from other meters. In urt>an areas, houses 
are typically spaced apart by approximately 12 
25 metres. arKl therefore a chain of communication 
can be established down a single street, optionally 
foltowing tfie route of a particular water main 4. A 
hub can be connected directly to one or more 
chains of meters arxf thus hundreds of meters can 
30 be cormected to a hub, and many hubs connected 
to each outstation, with a minimum of capital ex- 
penditure on dedicated infrastructure. 

There woukj be one hub to one cell, with tfte 
cell being defined as including all the meters tfiat 
35 are servk:ed by tfie hub within tfiat cell. It is envis- 
aged that the hubs woukJ be sited at convenient 
kx:ations within each cell such as to provkle com- 
munications with the neighbouring meters and with 
the data gatherer. 
40 The placement of hut>s woukj be determined 
by (a) a desire to have tfie minimum necessary 
quantity of hubs, and (b) the desire to optimise the 
communications efticiency to meters at tfie furthest 
extremities of tfie cell, thereby minimising the use 
45 of battery power within any of tfie meters within the 
cell. As a result it is envisaged ttiat determination 
of kx:ation of ttie hut>s woukj be a process that 
would comprise modelling of communications with- 
in the meter network prior to siting and installation 
50 of the hubs. 

Once the meter communications networtc is 
operational it is envisaged that the network man- 
agement system would ensure that the network is 
optimised to minimise excessive use of meters' 
55 t>atteries through inefficient communications routes. 
The network management system would thus 
extract the meter network map from each of the 
hubs, would create a complete map of the whole 
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area covered by all the cells, and would optimise 
the coverage d each primary cell to ensure that 
individual meters were not subject to excessive 
communications loading. The optimised primary 
cell size for each of the hut>s would then be sent 
by the network management system to the individ- 
ual hubs (prot>ably in the form of a list of n^eters). 

The length of chains of meters will be limited 
by the amount of data which needs to be transmit- 
ted by the nieters closest , to the hub. Also, the 
chain may reach an impasse tf the gap between 
properties is greater than a given distance, typi- 
calty. approximately 50 metres, depending on the 
drcumstarKes. tf necessary, the aerial can be sited 
above ground to achieve a greater range. Never- 
theless, where the spacing between houses is 
small e.g. less than 50 nrtetres, then leapfrogging 
along the chain is possible, with every second or 
third meter being used for a particular transmis- 
sion, tf arranged so that re-transmission by a nun>- 
ber of different routes is possible, then there is 
considerable built in resilience in the case of a 
single meter failure, for example due to malfunc- 
tion, or due to a car toeing parked over ttie site of 
tf)e aerial. 

Aftematively. there couM be two or three si- 
multaneous data transmtsskxis down the chain, 
each interleaving with the others by using only 
every second or third nwter respectively. This 
means the network is extremely flexible, so that it 
can accommodate higher data rales where re- 
quired, or can be rearranged for lower overall data 
rate, txjt higher reliak)ility. 

Optk)nalty. instead of communk^tkxi via hubs, 
meter chains can commumcate with outstatkms 
directly, or via the PSTN, or using combinations o* 
these three possibilities. Hut>s are preferred, in 
order to er>able shorter chains, or to reduce tfie 
number of outstations required. Data may need to 
be passed via many hubs to reach tfie nearest 
outstation. Depending on aerial position and other 
factors, the spacing of the hubs coukJ be typically 
500 n>etres deperKling on the circumstances. In 
practk:e. in urbon areas at least. hut>s can conve- 
niently be attached to street tamps, to achieve a 
good height atxxve the ground, for increased range. 
This might also enat>le use of the street lamp 
power supply, tf mounted on a separate post, a 
battery couW be used as the power supply. In this 
case, the network, and communication protocols 
should be arrar>ged to minimise power consump- 
tion. 

The comtMnation of meter chains and hubs has 
a number of advantages. Hubs can be used to 
overcome breaks in the chains of meters. The data 
rate loading can be considerably reduced on the 
meters nearest to the hub. Also, if the chains of 
meters are stxjrter. meter reading over a given 



area can potentially be speeded up. Also routes for 
data can be used, to bu\\6 in redundancy, and 
therefore reliability, by connecting chains to more 
than one hub, or by connecting chains in loops so 

5 that txyth ends communicate with a hub. 

Communk:ation can be in two directions, either 
into the data gatherer from each meter, for meter 
reading, and monitoring purposes, or in the op- 
posite direction, out to each meter, for control 

10 purposes. The purposes and advantages of this 
two^y communication will be explained in more 
detail later, when an individual meter will be de- 
scribed. 

Considering now Figure 2, ctiains of meters 1 
IS are shown communbating with outstatiorts 3. via 
hut>s 5. The outstations are then linked back to the 
data gatherer via a 457 MHz radk) link, or the 
PSTN, or a combination of these. Figure 3 sf>ows 
an anrangement in which sewage punnping stations 
20 are used as the kx:ations for the outstations 3 in 
ttie system. Furttier options are shown in Figure 4. 
Meter chains can communicate with an outstation 
via ttie publk: servk:e telephone network (PSTN). 
Eitfier a dedicated telephone link couki be used, 
25 with a radk) transmitter and receiver wittun approxi- 
mately 50 metres of one of the nneters, or the 
domestic telephone line bekxi^ng to one of tt>e 
water consumers coukJ be used. Altennatively, a 
dedk^ated mobile telephone coukJ be used. 
30 Figure 4 also shows chains of meters commu- 

nicating directly with the outstation 3. The third 
possifcMlity, of chains communk^ating with the out- 
station 3 via a hub 5 is also sfumn. 

Figure 5 shows a plan view of streets in a 
35 typk:al housing area, with the kx:ation of domestic 
meters ak)ng the sides of the streets indk:ated by 
small circles. The area is divided into three cells, 
each cell having a hub. A single outstation 3 ser- 
vices all three hubs. 
40 A typk:al cell structure is shown in Figure 6. 
tfie spacing between each hub being in practice 
approximately 500 metres, deperxting on ttie cir- 
cumstances. In tf)e event of failure of a cell, netgh- 
txxiring cells can be reconfigured to collect meter 
45 readings from the meters in tfie failed ceil. Figure 7 
shows such a situation, when cell G has failed. To 
enat)le this, each hub or outstation must be suffi- 
dentiy intelligent to carry and use a map of meters 
in its own cell, and meters in adjacent cells. 
50 To ensure that all meters can still be read in 
Vhe event of failure of one of the hutDS. the data 
gatherer woukl also iderrtify for each cell, additional 
secondary areas within each of the neighbouring 
cells. Thus for a hexagonal cell structure (for exam- 
55 pie), a single hub would have a primary cell cov- 
erage, plus 6 additional secondary areas, with each 
additional secondary area representing 1/6th of the 
area of each neighbouring cell. When a hub failed, 
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the hubs in the neightx>uring 6 ceils could thus be 
instructed to expand their cell area to include the 
appropriate secondary area. 

In any one chain of meters in a cell, it is useful 
if each meter can communicate not only with its 
nearest neighbour, but also with ottter slightly more 
distant meters. Figure 8 shows a number of meters 
located on eitfier side of a road, and shows com- 
munication paths from one meter to ten neigh- 
bouring meters. Each meter may have a range of 
pertiaps 50 metres, either atxyve ground, or 
through tf)e earth or using a combination of these 
transmission paths, tf tfiere are a number of dif- 
ferent patfYS along the cfiain, then faulty meters 
may be bypassed, and the maximum data transfer 
rates for meters closest to hubs can be reduced. 
This in tum enables longer chains to be con- 
structed, or enables battery life in each meter to be 
maximised. The battery for each meter may be the 
most expensive single component in each meter, 
so ft may be of paramount importance to reduce 
the amount of data transmitted by the busiest me- 
ters, those closest to each hub. To facilitate this, 
each meter should be suffidentty intelltgent to car- 
ry and use a n^ap of the neighbouring meters 
within its radio range. 

A typical meter reading operation is shown in 
Figures 9 and 10. A message is sent out along a 
chain by a hub as shown in Figure 9. On this 
outward ioumey. the number of hops is minimised. 
Figure 10 shows a typical return journey for the 
message, collecting meter readings from every 
meter in the chains. 

In practice, chains will not be in straightfbrward 
single lines as shown in Figures 9 and 10. Rgure 
11 shows a more realistic topography, in which 
chains are connected in a more complex matrix 
fashion. This enables multiple routes to be chosen 
from any meter to the hub. Meters near junctions 
could have enough intelligence to decide how to 
route data in an optimum way. or the intelligent hub 
could decide the route, and code it in ttie message, 
to be read ax\6 interpreted by each meter. 

Figure 13 shows a diagrammatic representation 
of a typical meter. Measurement means include a 
measurement sensor 30. and a radio receiver 31 
and radio transmitter 32 are also provided. The 
radio transmitter can output measurements from 
the sensor, optionally via a processor 33. Also, it 
can operate with the radio receiver 31 as a re- 
peater, or as a store and fonward device to transmit 
information from other meters. 

Each meter could record daily or hourly flows, 
say storing the last years values in a memory 38 
for interrogation in the event of customer queries. A 
first meter could also pass its readings to a neigh- 
bouring second meter for storage, in case of failure 
of the first meter. 



Other functions in the meter include a leak 
detector 34. In the case of water meters, it has 
been estimated that 30% of unaccounted for water 
is tost after the boundary stop<xx:k of the cus- 

5 tomer. The meter could monitor ftow, and record, 
for example, the minimum fksw in a given period. 
At the minimum, one "night-flow" value could be 
recorded and brought back to the data gatherer 
from each meter. A further degree of sor>histication 

70 might involve reporting weekly or monthly mini- 
mum flows. The leak detector could issue an atanm 
and transmit this t>ack to the data gatfierer. if the 
leakage was too high. 

The measurement sensor 30 could be operable 

IS not only to measure the amount of tfie utility, such 
as water, supplied or used, but coukJ also measure 
one or more parameters of quality of the utility, 
such as water pressure or mains voltage. In the 
case of water or gas supply, this could involve 

20 measuring the pressure using a pressure trans- 
ducer. In exceptional circumstances, the meter 
could raise and report an alarm signal to the data 
gatf>erer. 

This wouM give improved informatkm on the 

25 state of the supply networic. which could be used to 
improve the supply system. 

Meters couM continuously or intermittentty 
monitor the quafity sensors. Resutt»tt quality in- 
formation mi^ be regularty recorded m the meter 

30 or only exceptkins might be recorded (for example, 
instances of tow water pressure might be record- 
ed). A hub could thus read from the meter (a) the 
recorded quality information, and/or (b) the excep- 
tions, and/or (c) the current vakie of the quality 

35 sensor. In additkm. a meter might generate an 
urtsolictted alarm message to be sent to the hub 
when one of the quality sensors exceeded an alarm 
condition (for example, if the water pressure was 
partk:ularty tow or if the ftow rate was particulariy 

40 high for a tong perkxl of time). 

Addittonalty. quality information such as pres- 
sure or voltage couki be fed t>ack via the hub ar>d 
used as feedback for a controller. For example, if 
water pressure quality information was returned to 

45 a controller and the controller noted that all prop- 
erties had high pressure, the controller might re- 
duce the water pressure thus reducing the amount 
of water tost in a zone due to leakage and also 
reducing tt>e number of burst mains that might 
50 occur. Alternatively, if the water pressure was 
found to be low at a numl)er of houses, the control- 
ler might choose to increase the pressure of the 
water supplied to a zone. Such quality information 
would also be of benefit to a utility in modelling the 
55 operation of the distribution network and the pro- 
duction of management reports detailing the perfor- 
mance of the utility. 
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Regular automated monitoring of consumption 
of selected properties could be used over a long 
period of time to help provide better forecasting of 
future requirements. 

In providirtg a radio receiver in each meter, for s 
the purpose of acting as a repeater, the meter can 
also make use of information transmitted from the 
data gatherer. For example, a flow controller 35 can 
be provided to reduce water pressure, wfien pro- 
longed high flows are detected (possibly due to io 
leakage, or due to unauthorised hose pipe usage). 
Also, pressure coukJ be reduced during tt)e night to 
reduce leakage, or during a drought or on a selec- 
tive k>asts where a customer has not pakl his bill. 

A furtfier use of communication from the data i5 
gatherer out to customer's meters is to enable tariff 
schemes to be implemented in the meters. This 
wouM enat>le a customer to see the effect of tariff 
schemes on their individual bills, and would require 
consideratriy less data to be returned to the data 20 
gatherer. Tariffs can for example be houriy, daily, 
weekly or seasonal. There can be a low night rate 
tariff, and a high summer tariff. However, in theory, 
implementation of a tariff scheme woukJ require all 
the domestic meters to be updated with any new 2s 
tariffs simuttaneousty. In practice, several days 
coukJ be alkxwed to update all meters. Figure 12 
shows a tariff storage means 36 connected to the 
radio receiver, to alk>w automatic remote updating. 
The processor 33 couki include a timing devk» to 30 
indicate when daily or seasonal tariff changes 
come into effect. The processor would cateulate 
the single total charge over a particular period of 
tinr>e. which wouW be transmitted back to the data 
gatherer. This wouM involve trartsmitling less data 35 
than if raw consumption data for each of the dif- 
ferent tariff periods were to be transmitted back to 
the data gatherer. 

The timing devk:e coukj be a real tinne ckx:k 
(RTC), included within each meter for the purposes 40 
of timing of tariffs and possibly for synchronisatkin 
of communk:ations between meters. All n>eters' 
RTCs will be synchronised to a single master ckx:k 
in the data gatfierer. The process of time synch- 
ronisation is as follows: the data gatherer woukl 4S 
send a message containing the current time to 
each hub; the hub would set its RTC to the time 
received from the data gatheren the hub would 
send a message containing the current time to the 
first meter (meter 1) in a chain; on receipt of this 50 
message meter 1 would set its RTC to the time 
received from the hub; meter 1 would send a 
message containing the cunrent time to the next 
meter (meter 2) in the chain; on receipt of this 
message meter 2 would set its RTC to the time 55 
received from meter 1; this process would be re- 
peated for all meters in all chains until the network 
of meters was synchronised. When one meter 



sends the current time to the next meter and the 
next meter sets its RTC, due altowance would be 
made for the duration of message transfer, so that 
no time was tost and the RTCs had the same time 
as the master RTC in the data gatherer. 

Time synchronisation would be undertaken at 
regular intervals. Optionally, the process of time 
synchronisation couki also be used to check the 
operation of the meters within ttie meter network 
and thus the integrity of the meter networic. Any 
meter or meter network failures could thus either 
result in a neighbouring meter either (a) sending a 
message to the hub indicating the failure; or (b) 
adding a packet to the time synchronisation mes- 
sage so that once the time synchronisation mes- 
sage reached the end of its chain it couki be 
returned to the hub complete with all failure in- 
formation relating to the chain. 

A tamper alarm, 37 is also shown, connected 
to the processor 33. Ttiis coukJ give an immediate 
alarm signal back to the data gatherer, and option- 
ally send back a meter reading before the person 
tampering has had an opportunity to alter the true 
reading. 

In operating the comptete system, preferably 
the network management computer stores a com- 
plete nneter map tndk:ating whk:h meter is linked to 
which hub. It also stores routines for coping with 
hub failure. Whenever the meter map changes, or 
hub failure is detected, revised meter maps can be 
downtoaded to hut>s. 

Each hub contains routing information and 
communication protocols. A polling communteation 
method is prefenred for controlling communication 
between the management computer and each hub. 
Although the outstations are envisaged as mere 
communication links, with the intelligence being 
distiitHited around the hut>s, conceivably intelligent 
outstations couM be provkled. 

When directed by the management computer, 
each hub sends messages out to distribute in- 
formation or collect meter readings or other in- 
formation. The message normally indrcates a des- 
tination meter, routes and data wtiere applk:at>te. 
Each meter knows the directions of its neighbours, 
and determines ttie best neightKxir to attempt com- 
munk:ation with, depending on the routes contained 
in the message. 

Eventually the message is returned to the hub 
containing all tiie required meter reading data. 

tt is envisaged that a message woukJ contain a 
number of packets of information. These might 
include (a) "routing" information, containing infor- 
mation necessary for a message to reach the mes- 
sage's final destination(s); (b) message "type", 
identifying the purpose of the message; (c) destina- 
tion meter(s). identifying the meter(s) the message 
is intended for; (d) "data", a field either containing 
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information to be sent to the destination meters or 
a field which is populated by the destination meters 
with data to be returned to the hub. 

It is envisaged that a message might serve 
more than one function and might thus contain 
several "type" fields, several sets of destination 
meters and several data fields. This would eruible 
communications efficiency to be maximised and 
limit the drain on the meter's battery. For irtstance, 
a message may contain (a) a "broadcast" instruc- 
tion with data to be sent to selected meters (such 
as new tariffs); (b) a "read meter" irtstructkm to 
collect meter readings from selected meters; arKi 
(c) a "diagnostic read" instruction to collect any 
fault conditions as the message is sent through the 
network and any new nr^eters not already config- 
ured. 

It is envisaged that some messages would 
have a destination of a single meter, whilst other 
messages would have a number of destinations 
which in the limit included all meters on a given 
route. It is also envisaged that when a nnessage 
reaches a destination meter, the message is modi- 
fied to indicate that the destination meter has re- 
ceived tt^ message. Once all destination meters 
have received the message or attempts to commu- 
nicate witti failed destination meters have been 
abandoned and noted in the message, it is envis- 
aged ttiat the message will be returned to the hub. 
This ensures that the hub and hence the data 
gatherer and its operators are infonmed of the ac- 
tions which were successful and if there are any 
failures or faults which require remedial action. 

There are a number of metixKls of achieving 
communicatiorYS within a network of meters. For 
instance, a niessage sent from tt>e hub may con- 
tain a complete list of meters that the message 
must be sent to in order for the message to reach 
its destination; in this case the nnessage contains 
all the information needed to reach a given meter, 
and each meter has no knowledge of the rest of 
the meter network. A second method would be for 
the hub to send a message containing just the final 
meter destination of the message: in this case the 
message contains no network information and each 
meter in the network has complete knowledge of 
the network. A third method would t>e for the hub 
to send a message containing the destination and 
the route tiie message is to take to get to the 
destination: In this case the hub has a complete 
map of the meter network, the meter has a map of 
the meters within communicating range and the 
meter "chains" they are on (a chain t)eing a num- 
ber of meters in which messages are sent, starting 
at one end of the chain, from one meter to another 
until tiiey reach the other end of the chain). In alt 
three cases the hub will need a complete map of 
the network of meters it is servicing. 



The third method is envisaged to be preferred. 
In this scenano, each meter might lie in one or 
more chains. In addition, each chain will have two 
directions. Thus the routing information to reach a 

5 destination meter might contain a series of chains 
and directions to take along those chains. A meter 
(meter 1) receiving a message with the routing 
information would compare the infonmation to its 
own kx^ map; meter 1's own k)cal map would 

10 show at least one chain that was also contained 
within the n^essage arxJ. this being the case, meter 
1 woukJ serid the message to anotfier meter furtfier 
ak)ng ttte chain. If meter 1 identified more than one 
cfiain in its own k>cal nnap that was in the message. 

IS then meter 1 would pass the message to a meter 
on the chain that was ctosest to the destination 
meter (this might occur if meter 1 was located at a 
junction t>6tween several chains). Rnally, meter 1 
might be at>le to directly communicate with the 

20 destination meter, in which case meter 1 would 
send ttie message directiy to the destination meter. 
A similar process woukJ occur when a message 
was being returned to ttie hub: in tiiis case the final 
destination meter wouM after the message slightiy 

25 to indk:ate that the message was to be passed in 
the reverse direction down the route (unless the 
route was circular and ttie final destination was the 
hub). 

Depending on fhe requirements of the mes- 

30 sage, the method by whk:h a message progresses 
down a chain is anticipated to vary. For example, a 
message that is required to reach all meters would 
be sent from a meter to its most adjacent netgh- 
txxiring meter as it is sent down a chain. H, how- 

35 ever, the information within a message is just for 
ttra n>eter at the end of a chain, there is no need 
for the message to be sent via all of tite meters in 
the chain and hence it is envisaged that the mes- 
sages might be sent via the minimum number of 

40 meters, with the maximum distance being achieved 
on each transmisskxi of the message. A third ex- 
ample might be wtiere each meter adds a meter 
reading to the message as it is passed ak)ng a 
chain: here it can be seen that the meters at the 

45 end of tiie chain will have a signiticantiy longer 
message to transmit tfian those at the beginning: to 
alleviate excessive drain on the meters* batteries it 
is envisaged that this meter reading collection n>es- 
sage might be sent to, say. every third meter in the 

50 chain: in such cases three such messages would 
t>e sent with the possible option of messages inter- 
leaving to optimise traffic in the network. 

Preferably meters would configure themselves 
on installation. Thus when a meter (meter 1) is 

55 Installed, it might broadcast a message to establish 
which meters (meters 2) were within communicat- 
ing range. Any meter 2 receiving the broadcast 
message would respond with a reply containing the 
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meter 2 identification numt)er. To avoid nneter 2 
replies being unintelligible due to several replies 
being sent at the same time, meter 2 might wait a 
"random" amount of time before replying. Meter 1 
can establish a list of alt the meters within its range 
of communications by a combination of (a) meter 1 
telling a given meter 2 not to reply to future broad- 
casts wtten meter 1 has established communica- 
tions with that meter 2. and (b) meter 1 repeating 
the broadcast message; and (c) meter 1 interrogat- 
ing the meter 2s it establishes communication with 
to identify the meters with which these meter 2s 
can communicate with. For the purposes of the 
above, the hub would behave like any other meter 
2. Alternative methods of meter 1 establishing the 
local meter list can also be envisaged. 

Thus, on installation (a) meter 1 establishes a 
list of the identity of all the neighbouring meter 2s 
within communications range, and (b) neighbouring 
n>eter 2s add the same information for the meter 1 
to their local meter lists. 

Preferat)ly tt^e meter communications network 
would be self-configuring. For example, as de- 
scribed above, the network management system 
woukl provide the hub with a list of meters that it is 
to service (the meters within the hub's cell). It is 
envisaged that ttie hub woukl tMjikJ up the network 
by ser)ding a message to its rtearest meters (meter 
Is) to read the Bst of meters (rneter 2s) that each 
of the meter Is was at>le to communicate with. The 
hub woukJ then send a message to the meter 2s 
via the meter Is to establish which meters these 
nneter 2s couM communrcate with. This process 
would be repeated, for all subsequent meters, with 
the hub buikJing up a map of how to get to each 
meter in the cell. In tfre process of doing this, the 
hub wouM thus kientify the chains connecting me- 
ters, and woukj send messages to ttie meters to 
configure them with the chains they lie on. 

In this way the network is txjilt up by the hub. 
Changes in the network (for example, communica- 
tions failures due to nr^r failures, or changes in 
signal path conditions affecting the number of me- 
ter 2s. the meter Is can communicate with, or 
additional unconfigured meters added to the net- 
work) would be reported t>ack to the hub via the 
diagnostk: message described above and the hub 
would then repeat the above process as necessary 
to adapt the network to the revised meter structure. 

The measurement sensor of the meter may 
well be kx^ated underground, but the radio receiver 
and radio transmitter aerials may be either under- 
ground or above ground. They may be more visu- 
ally obtrusive, and more susceptible to damage if 
above ground, but the range of communication is 
increased. 

There has been described in the foregoing a 
meter for remote reading of a utility such as gas, 



liquid or electricity, supplied, produced or used at a 
given locatkxi, comprising: 

a measurement means for the utility, 
a radio receiver, and 
5 a radk> transmitter for transmitting measure- 

ment informatkxi 

generated by the measurement nneans, and ar- 
ranged to operate with the radk> receiver to pass 
on infonmation received by the receiver. 

10 Preferably the meter furttier comprises a stor- 
age means and a controller, and is arranged to 
pass on information received by the receiver by a 
store and forward operatkxi. 

In a preferred embodiment ttie meter further 

75 comprises monitoring means communicating with 
the radio trartsmitter for monitoring and reporting a 
quality of the utility supplied, produced or used, 
such as water or gas pressure, or electrical supply 
voltage. 

20 Preferably ttie meter further comprises leak 
detection means communicating with ttie radio 
transmitter for detecting and reporting fluki leaks or 
electrical short circuits, particulariy those down- 
stream of the meter. 

25 Advantageously, the meter further comprises 
flow control means communicating with ttie radk) 
receiver, to restrict the fk>w of fluid or cunrent 
according to radk> signals received by ttie radio 
receiver. 

30 Advantageously, ttie measurement means fur- 
ther comprises means for storing a tariff of charges 
and processing means for generating measurement 
infonmation based on the tariff and the measured 
amounts of ttie utility used or supplied, wherein the 
35 tariff storage means is connected to the radio re- 
ceiver to enable remote updating of the tariff. 

Preferat>ly the radio transmitter and receiver of 
the meter are arranged to use the 184 MHz t>and. 
Advantageously the meter is a domestic water 
40 supply meter. As there are cunrently few water 
meters installed, the need for upgrade compatibility 
and redundancy is minimised. 

Preferably ttie meter forms part of a commu- 
nication system comprising a plurality of tfie me- 
45 ters arranged in chains around a hub. 

Advantageously the system further comprises 
at least one outstation, between the hub and the 
data gattierer. 

Advantageously the system further comprises 
50 a telephone data link between a ctiain of meters 
and the hub. 

There has also been described a method of 
communicating from a first meter to a remote data 
gatherer comprising the steps of: 
55 sending information by radio from the first me- 

ter to a second meter, and 

using the second meter to pass the information 
on to the data gatherer. 
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There has also been described a method of 
communicating from a data gatherer to a first re- 
mote meter, comprising the steps of: 

sending information from the data gatherer to a 
second meter, and 

using the second meter to pass ttie information 
by radio to the first meter. 

Advantageously the method of the present in- 
vention comprises tfie step of communicating be- 
tween tfte second rueter and ttie data gatherer via 
a hub. Advantageously the mettKXl of the present 
invention further comprises the step of commu- 
nicating between the second meter and the hub via 
a public telephone network. 

Advarrtageously, the method irKludes tfie step 
of communicatirtg between the hub arKl the data 
gatherer via a public telephone network. 

There has also been described a meter for 
remote reading of a utility such as gas. liquid or 
electricity, supplied, produced or used at a given 
k)catk)n, comprising: 

a measurement means for the utility supplied, 
produced or used; 

a radk) receiver; 

a radio transmitter: and 

a controller arranged to control the transmitter 
for transmitting 

measurement information generated by the mea- 
surement mearts, and/or information received by 
tfie receiver. 

Preferably tfie controller comprises a storage 
means and is arranged to pass on information by a 
store and forward operation. 

Tfie present inventkm has tfie adv^ttages of 
mintmistng tfie capitai cost tsy reducing tfie number 
of secondary repeaters required, and by making 
use of sfiort range low power radios in each meter. 
The "hopping" concept gives great flexit)ility in 
allowable maximum data rates, whk:h can be par- 
tknjlarty useful for updating tfie tariffs in all meters 
in a sfiort period of time. Reliability of commurnca- 
tk>n can be enhanced by provkling multiple paths. 
IndivkJual meters can be road "out of turn" wfiere 
required for occupancy changes for example, with- 
out any extra cost. Various different ways of con- 
necting chains of meters to hubs can t>e provided 
to suite local requirements. Mot)ile hut>s provided 
in vans coui6 even be envisaged, particularly for 
rural areas. Where necessary, techniques for giving 
longer transmission range can be adopted such as 
the spread spectrum technique. 

Claims 

1. A communication system comprising a chain 
of meters (1), each meter communicating with 
others in the chain to pass information along 
the chain, for remote reading of a utility such 



as gas. liquid or electricity, supplied, produced 
or used at a given kxation, and comprising: 

a measurement means (30), for the utility 
supplied, produced or used. 
5 a radk) receiver (31 ), and 

a radio transmitter (32). for transmitting 
measurement information 
generated t>y the measurement means, and 
arranged to operate with tfie radio receiver to 
10 pass aiong tfie cfiain information received by 

the receiver. 

2. A communication system according to claim 1 , 
comprising: 

75 a hub (5), connecting a plurality of cfiains 

of meters in a star formation or a loop forma- 
tion. 

3. A communk:ation system according to claim 2. 
20 comprising: 

a data gatfierer (2), connecting a plurality 
of hut>s in a star formation or a loop formation. 

4. A communication system according to any of 
25 daims 1 to 3. wfierein two or more commu- 

nk:atk>n patfis are defined ak)ng one ctiain or 
part of a cfiain, each path t>eing created by 
bypassing tfie meters used by tfie otfier path 
or patfis. 

30 

5. A communk:ation system as defined in daim 
4, wfierein said multiple communication paths 
are provkled in tfie vkanity of junctions be- 
tween cfiains, or in tfie vidntty of a hub. 

35 

6. A commumcation system as defined in daim 4 
or daim 5, wfierein each meter determines 
part of tfie route of tfie communk:ation path, by 
bypassing neighbouring meters. 

40 

7. A communication system as defined in any of 
claims 4 to 6. wfierein tfie hub determines part 
of tfie route of tfie communk:ation path. 

45 & A communication system according to any 

preceding daim, comprising: 

a plurality of hut>s. each connected to a 

plurality of meters, wfierein upon failure of a 

hub (cell G). neighbouring hubs are reconfig- 
50 ured to communicate with meters normally 

communicating with the failed hub. 

9. A communication system according to claim 8, 
wherein each hub contains a map of meters 
55 normally communicating with it, and a map of 

meters normally communicating with neigh- 
tx)uring hubs. 
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10. A communication system according to claim 8 
or claim 9. wherein the hubs are in commu- 
nication with a network management system 
(7), which instructs ttie neighbouring hubs to 
reconfigure, in response to an indication that s 
the failed hub has failed. 



16. A meter according to any of claims 11 to 14, 
for liquid or gas metering, comprising : 

pressure control means for allowing the 
gas or liquid to be supplied at a reduced 
pressure, according to commands received by 
tfie receiver. 



11. A meter for use in the system of any preced- 
ing claim, for remote reading of a utility such 

as gas. liquid or electricity, supplied, produced io 
or used at a given location, and comprising: 

a measurement means (30), for the utility 
supplied, produced or used. 

a radio receiver (31). and 

a radio transmitter (32). for transmitting 75 
n>e3surement information 
generated by the measurement means, and 
arranged to operate with the radio receiver to 
pass on information receh/ed by the receiver. 

20 

12. A meter according to claim 11. anranged to 
receive and store measurement information 
from a neighbouring n^ter and pass this in- 
formation on when failure of the neighbouring 
meter is detected. 2s 

13. A meter according to claim 11 or 12, compris- 
ing: 

means (36). for storing and updating a 
tariff of charges, and 30 

processing means (33), for calculatirtg a 
total charge from a plurality 
of readings charged at different rates. 

14. A meter according to any of daims 11 to 13, ss 
for remote reading of gas or liquid utilities in 
doTTYestic premises, comprising: 

means for monitoring tfie gas or liquid 
pressure, 

means for storing a refererK^ pressure 40 
level, and 

means for Indicating when the monitored 
pressure is over or under 
the reference level. 

45 

15- A utility supply system comprising a plurality 
of meters according to any of claims 11 to 14 
for use in domestic premises, wherein each 
meter comprises: 

means for monitoring a parameter of qual- so 
ity of the utility supplied, and 

the supply system comprises means for 
controlling the supply of the utility from a cen- 
tral source to the domestic premises in re- 
sponse to quality information transmitted by 55 
the meter. 
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